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forced in, owing to the previous heating having caused a large 
percentage of combination, and hence the production of a partial 
vacuum. Even after taking the rigid precautions to insure 
purity above described, no definite quantitative rule connecting 
the time and percentage of combination has been discovered, 
experiments performed simultaneously upon similarly treated 
mixtures yielding widely different results; showing that the 
irregularities of glass surfaces, even after removal of their air- 
films, are quite sufficient to modify very sensibly the conditions 
under which combination occurs. 

The additions to the Zoological Society’s Gardens during the 
past week include an Egyptian Gazelle ( Gazella dorcas) from 
North Africa, presented by Mr. S. C. Saunders; a Ring-tailed 
Coati (Nasua rufa) from South America, presented by Mr. 
Edward J. Brown ; two Herring Gulls (. Larus argentatus ), 
British, presented by Mr. T. A. Cotton ; two White-bellied Sea 
Eagles { Haliaetus leucogaster ) from Australia, presented by Mr. 
Hugh Nevill, F.Z.S. ; a Lesser Sulphur-crested Cockatoo 
(Cacatua sulphured) from Moluccas, presented by Miss Partridge ; 
three Barbary Turtle Doves (Turtur risorius) from North Africa, 
presented by Miss D. Bason ; an Indian Cobra ( ttfaia tripudians ) 
from India, presented by Mr. H. E. Lindsay ; two Harnessed 

Antelopes { Tragelaphus scriptus <$ ? ) from Gambia, a - 

Paradoxure ( Paradoxurus aureus) from Ceylon, two Grey 
Ichneumon {Herpestes grisetts ) from India, four grey Parrots 
{Psittacus erithacus) from West Africa, deposited. 


OUR ASTRONOMICAL COLUMN . 

The Spectrum of $ Lyras.—A study of twenty-nine photo¬ 
graphs of the spectrum of /3 Lyras has led to some interesting 
results, noted by Prof. E. C. Pickering in Astronomische Nach- 
richten , No. 3051. The spectrum of this star contains, in 
addition to the absorption lines, several bright lines, the most 
conspicuous of which are about AA 486, 443, 434, 410, 403, and 
389, to use a three-figure reference. The lines near A 443 and 
A 403, are two of the most prominent lines in the spectra of the 
Orion stars, and the remaining four coincide with the hydrogen 
lines F, G, h , and a. From the investigation it appears that 
these bright lines change their positions, so that sometimes they 
have a greater wave-length than the corresponding dark lines, 
whilst at other times the reverse is the case. In some of the 
photographs several bright lines are double, and the dark lines 
are also not free from changes. This naturally led to the in¬ 
quiry as to whether the changes were connected with the varia¬ 
tions of the star’s brightness. Starting from a minimum of 
brightness there is a maximum at 3d. 5b., a secondary minimum 
at 6d. uh., another maximum at 9d. i6h., and then the prin¬ 
cipal minimum is again reached after a total period of I2d. 22h. 
The point of interest is that the fourteen plates in which the 
wave-length of the bright lines was increased were taken during 
the first half of this period of variation—that is, before the 
secondary minimum ; whilst on the eleven plates taken during 
the second half of the period the displacement was towards the 
blue end of the spectrum. And since the photographs extend 
over more than four years, there can be little doubt that the 
displacements are intimately connected with the variations of 
the star’s brightness. One of the explanations suggested by 
Prof. Pickering to account for the observed phenomena is that 
the bright lines are emitted by an object revolving in a circular 
orbit round the principal star, with a maximum velocity of about 
300 miles per second, and completing its circuit in a period of 
I2d. 22h. The corresponding periastron distance is about 
50,000,000 miles. If this be so, (3 Lyras is a binary of the 13 
Aurigae type, but differing from it in the fact that the component 
stars have unlike spectra. The phenomena could also be pro¬ 
duced by a meteor stream, or by an object like the ^un, rotating 
in I2d. 22h., and having a large protuberance on it extending 
over more than 180° of longitude. The study of the additional 
photographs which are being taken will doubtless elucidate the 
matter. 

The Polarization Theory of the Solar Corona. —In 
the Publications of the Astronomical Society of the Pacific, 
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vol. iii. No. 16, 1891, Prof. Frank H. Bigelow gives some 
further results of his investigations of coronal forms, and arrives 
at some new results. It can be shown that in the case of 
repulsion of matter in a spherical rotating body like the sun,, 
two poles of repulsion are formed, and the body is polarized 
about an axis. Within the body the lines of force are parallel 
to the axis of polarization, and their curvature outside the surface 
may be calculated. Applying these considerations to the similar 
coronal forms exhibited in the eclipse photographs of July 1878 
and January and December 1889, Prof. Bigelow finds that the 
axis of polarization is at the surface of the sun about 4^° from 
the axis of rotation, and taking the radius of the sun as 866,500 
miles, the length of the axis to which the lines of force are 
parallel is 1,729,700 miles. Its direction is fixed, and in 1878 
the north and south coronal poles had the positions, north pole 
= 201 0 *2, south pole = 30i°‘6, when referred to the ascending- 
node of the sun’s equator on the plane of the ecliptic. If 
r 38 + 349°'85. 151 + 3ii°*40, and 12 + 3I2°‘55 be taken as 
the number of revolutions and the angular excess during the 
three intervals between the dates of the above eclipses, the mean, 
daily motion in longitude at the latitude of the coronal pole, 
85° 5, U found to be I3°‘i3307. From this the following periods 
of the sun’s rotation in latitude 85° *5 is deduced— 

Sidereal period 27*4117id. = 27d. 9b. 52m. 52s. 

Synodic period 29*63580:!. = 2qd. 15b. 15m. 33s. 

The formula proposed to express the rotation-period in different 
solar latitudes is X = 862' — 76' sin /, where X is the mean 
daily motion in minutes, and l the latitude. With these ele¬ 
ments it is possible to predict the positions of the coronal poles 
at any epoch, and in consequence the relative form of the corona 
at the time, as seen from the earth. A comparison of the calcu¬ 
lated results and photographs, obtained during some recent eclipses, 
displays a striking concordance. The investigation “ also serves 
to strengthen the conviction that the sun-spots are probably 
formed by the descent of material from the extremities of the 
coronal streamers, in a vertical direction upon the sun.” 

Observations of the Motion of Sirius. —At the Berlin 
Academy of Sciences on June 4, Prof. Vogel communicated 
some observations of the motion of Sirius in the line of sight. 
Using the iron spectrum as the term of comparison with the 
spectrum of the star, it was found that the velocity of approach 
on March 22 was 1 *96 geographical miles per second with 
respect to the sun. With hydrogen comparison lines the velocity 
found was 1*73 miles per second. 

Return of Encke’s Comet. —A telegram from the Lick 
Observatory to Prof. Kruger, announces that Encke’s periodic 
comet has been observed on its return by Mr. Barnard on 
August 1 *9958 G.M.T., in the position R.A, 3b. 55m. 20‘6s., 
Decl. 29° 59' i N. 


ON SOME TEST CASES FOR THE MAXWELL -- 
BOLTZMANN DOCTRINE REGARDING DIS¬ 
TRIBUTION OF ENERGY . * 1 

(1) 1 VTAXWELL, in his article {Phil. Mag., i860) “On the 
A Collision of Elastic Spheres,” enunciates a very re¬ 
markable theorem, of primary importance in the kinetic theory 
of gases, to the effect that, in an assemblage of large numbers of 
mutually-colliding spheres of two or of several different magni¬ 
tudes, the mean kinetic energy is the same for equal numbers of 
the spheres irrespectively of their masses and diameters ; or, in 
other words, the time-averages of the squares of the velocities of 
individual spheres are inversely as their masses. The mathe¬ 
matical investigation given as a proof of this theorem in that first 
article on the subject is quite unsatisfactory ; but the mere enun¬ 
ciation of it, even if without proof, was a very valuable contribu¬ 
tion to science. In a subsequent paper (“Dynamical Theory of 
Gases,” Phil. Trans, for May 1866) Maxwell finds in his equa¬ 
tion (34) (“ Collected Works,” p. 47), as a result of a thorough 
mathematical investigation, the same theorem extended to in¬ 
clude collisions between Boscovich points with mutual forces 
according to any law of distance, provided only that not more 
than two points are in collision (that is to say, within the dis¬ 
tances of their mutual influence) simultaneously. Tait confirms 
Maxwell’s original theorem for colliding spheres of different 

1 Paper read at the Royal Society by Sir William Thomson, D.C.L., 
P.R.S., on June 11, 1891. 
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magnitudes in an interesting and important examination of the 
subject in §§ 19, 20, 21 of his paper “On the Foundations of 
the Kinetic Theory of Gases ’’(Trans. R.S.E. for May 1866). 

(2) Boltzmann, in his “Studien liber das Gleichgewicht der 
lebendigen Kraft zwischen bewegten materiellen Punkten ” 
(Sitzb. K. Ak'ad. Wien , October 8 , 1868), enunciated a large 
extension of this theorem, and Maxwell a still wider generaliza¬ 
tion in his paper “ On Boltzmann’s Theorem on the Average 
Distribution of Energy in a System of Material Points ” (Cam¬ 
bridge Phil. Soc. Trans., May 6, 1878, republished in vol. ii. of 
Maxwell’s “ Scientific Papers,” pp. 713-41), to the following 
effect (p. 716):— 

“ In the ultimate state of the system, the average kinetic 
energy of two given portions of the system must be in the ratio 
of the number uf degrees of freedom of those portions.” 

Much disbelief and doubt has been felt as to the complete 
truth, or the extent of cases for which there is truth, of this 
proposition. 

(3) For a test case, differing as little as possible from Max¬ 
well’s original case of solid elastic spheres, consider a hollow 
spherical shell and a solid sphere—globule we shall call it for 
brevity—within the shell. I must first digress to remark that 
what has hitherto by Maxwell and Clausius and others before 
and after them been called for brevity an “elastic sphere,” is 
not an elastic solid, capable of rotation and of elastic deforma¬ 
tion ; and therefore capable of an infinite number of modes of 
steady vibration, into which, of finer and finer degrees of nodal 
subdivision and shorter and shorter periods, all translational 
energy would, if the Boltzmann-Maxwell generalized proposition 
were true, be ultimately transformed by collisions. The 
“ smooth elastic spheres ” are really Boscovieh point-atoms, 
with their translational inertia, and with, for law of force, zero 
force at every distance between two points exceeding the sum of 
the radii of the two balls, and infinite repulsion at exactly this 
distance. We may use Boscovieh similarly for the hollow shell 
with globule in its interior, and so do away with all question as 
to vibrations due to elasticity of material, whether of the shell or 
of the globule. Let us simply suppose the mutual action 
between the shell and the globule to be nothing except at an 
instant of collision, and then to be such that their relative com¬ 
ponent velocity along the radius through the point of contact is 
reversed by the collision, while the motion of their centre of 
inertia remains unchanged. 

(4) For brevity, we shall call the shell and interior globule of 
§ 3, a double molecule, or sometimes, for more brevity, a 
doublet. The “smooth elastic sphere” of § 3 will be called 
simply an atom, or a single atom ; and the radius or diameter 
or surface of the atom will mean the radius or diameter or 
surface of the corresponding sphere. (This explanation is 
necessary to avoid an ambiguity which might occur with re¬ 
ference to the common expression “sphere of action” of a 
Boscovieh atom.) 

(5) Consider now a vast number of atoms and doublets, 
inclosed in a perfectly rigid fixed surface, having the property 
of reversing the normal component velocity of approach of any 
atom or shell or doublet at the instant of contact of surfaces, 
while leaving unchanged the absolute velocity of the centre of 
inertia of the two. Let any velocity or velocities in any direc¬ 
tion or directions be given to any one or more of the atoms or 
of the shells or globules constituting the doublets. According 
to the Boltzmann-Maxwell doctrine, the motion will become 
distributed through the system, so that ultimately the time- 
average kinetic energy of each atom, each shell, and each 
globule shall be equal ; and therefore that of each doublet 
double that of each atom. This is certainly a very marvellous 
■conclunon ; but I see no reason to doubt it on that account. 
After all, it is not obviously more marvellous than the seemingly 
well-proved conclusion that in a mixed assemblage of colliding 
single atoms, some of which have a million million times the 
mass of others, the smaller masses will ultimately average a 
million times the velocity of the larger. But it is not included in 
Maxwell’s proof for single atoms of different masses [(34) of his 
“ Dynamical Theory of Gases ” referred to above] ; and the 
condition that the globules inclosed in the shells are prevented 
by the shells from collisions with one another violates Tait’s 
condition [(C) of § 18 of “Foundations of K.T. Gases”], “that 
there is perfectly free access for collision between each pair of 
particles whether of the same or of different systems.” An 
independent investigation of such a simple and definite case as 
that of the atoms and doublets defined in §§ 3-5 is desirable as a 

NO. 1137 , VOL. 44] 


test, or would be interesting as an illustration were test not 
needed, for the exceedingly wide generalization set forth in the 
Boltzmann-Maxwell doctrine. 

(6) Next, instead of only a single globule within the shell of 
§ 4, let there be a vast number. To fix ideas let the mass of the 
shell be equal to a hundred times the sum of the masses of the 
globules, and let the number of the globules be a hundred 
million million. Let two such shells be connected by a push- 
and-pull massless spring. Let all be given at rest, with the 
spring stretched to any exterlt : and then left free. According 
to the Boltzmann-Maxwell doctrine, the motion produced 
initially by the spring will become distributed through the 
system, so that ultimately the sum of the kinetic energies of the 
globules within each shell will be a hundred million million 
times the average kinetic energy of the shell. The average 
velocity 1 of the shell will ultimately be a hundred-millionth of 
the average velocity of the globules. A corresponding proposi¬ 
tion in the kinetic theory of gases is that, if two rigid shells, each 
weighing 1 gram, and containing a centigram of monatomic gas, 
be attached to the two prongs of a massless perfectly elastic 
tuning-fork, and set to vibrate, the gas will become heated in 
virtue of its viscous resistance to the vibration excited in it by 
the vibration of the shell, until nearly all the initial energy of 
the tuning-fork is thus spent. 

(7) Going back to the double molecules of § 5, suppose the 
internal globule to be so connected by massless springs with the 
shell that the globule is urged towards the centre of the shell 
with a force simply proportional to the distance between the 
centres of the two. This arrangement, which I gave in my 
Baltimore Lectures, in 1884, as an illustration for vibratory 
molecules embedded in ether, would be equivalent to two masses 
connected by a massless spring, if we had only motions in one 
line to consider; but it has the advantage of being perfectly iso¬ 
tropic, and giving for all motions parallel to any fixed line 
exactly the same result as if there were no motion perpendicular 
to it. When a pair of masses connected by a spring strikes a 
fixed obstacle or a movable body, with the line of their centres 
not exactly perpendicular to the tangent plane of contact, it is 
caused to rotate. No such complication affects our isotropic 
doublet. An assemblage of such doublets being given moving 
about within a rigid inclosing surface, will the ultimate sta¬ 
tistics be, for each doublet, 2 equal average kinetic energies of 
motion of centre of inertia, and of relative motion of the two 
constituents ? 

(8) If we try to answer this question synthetically, we find a 
complex and troublesome problem in the details of all but the 
very simplest case of collision which can occur, which is direct 
collision between two not previously vibrating doublets, or any 
collision of one not previously vibrating doublet against a fixed 
plane. In this case, if the masses of globule and shell are 
equal, a complete collision consists of two impacts at an interval 
of time equal to half the period of free vibration of the doublet, 
and after the second impact there is separation without vibration, 
just as if we had had single spheres instead of the doublets. 


1 The “average velocity of a particle,” irrespectively of direction, is (in 
the kinetic theory of gases) a convenient expression for the square root of 
the time-average of the square of its velocity. 

2 This implies equal average kinetic energies of the two constituents ; and, 
conversely, equal average kinetic energies of the two constituents, except 111 
the case of their masses being equal, implies the equality stated in the text. 
Let n, u be absolute component velocities of two masses, in , per¬ 
pendicular to a fixed plane; U the corresponding component velocity of 
their centre of inertia; and r that of their mutual relative motion. We 
have 


u—V- 


whence 


m -f- in’' 


: U + ————, \ .(x) 

m H- vi 


mu* — in 


'u " 1 — {in — w')£u 2 . 


11 - A™Lpr. . . {2) 
z' )2 J in -- in 


mm r s 

{m + m') 2 -i m -j- in 
Now suppose the time-average of Ur to be zero. In every ca‘ e in which 
this is so, we have, by (2), 

Time-av. \mu 2 - in'u$ ( — (in — in') X Time-av. IU 2 — mm r |, (3) 

1 > t- (111 + in 1 

Hence in any case in which 

Time-av. mu 2 — Time-av. in'11 2 .(4) 

we have 


(m - in') X Time-av. | U 2 • 


\m + m )■ 


m 1- ’ 


.(5) 


and therefore, except when m — m' s we must have 

Time-av. (m + m')U 2 = Time-av* — . .(6) 

in + m 

which proves the proposition, became, as we readily see from 1(1), 
\mm r 2 J(m + in') is, in every case, the kinetic energy of the relative, 
motions, u — U, and U — 11. 
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But in oblique collision between two not previously vibrating 
doublets, even if the masses of shell and globule are equal, we 
have a somewhat troublesome problem to find the interval be¬ 
tween the two impacts, when there are two, and to find the final 
resulting vibration. When the component relative motion 
parallel to the tangent plane of the first impact exceeds a certain 
value depending on the radius of the outer surface of the shell, 
the period of free vibration of the doublets, and the relative 
velocity of approach ; there is no second impact, and the 
doublets separate with no relative velocity perpendicular to 
the tangent plane, but each with the energy of that component 
of its previous motion converted into vibrational energy. When 
the mass of the shell is much smaller than the mass of the 
interior globule, almost every collision will consist of a large 
number of impacts. It seems exceedingly difficult to find how to 
calculate true statistics of these chattering collisions, and arrive 
at sound conclusions as to the ultimate distribution of energy in 
any of the very simplest cases other than Maxwell’s original 
case of i860 ; but, if the Boltzmann-Maxwell generalized doc¬ 
trine is true, we ought to be able to see its truth as essential, 
with special clearness in the simplest cases, even without going 
through the full problem presented by the details. I can find 
nothing in Maxwell’s latest article on the subject (Camb. Phil. 
Trans., May 6, 1878), or in any of his previous papers, proving 
an affirmative answer to the question of § 7. 

(9) Going back to § 6, let the globules be initially distributed 
as nearly as may be homogeneously through the hollow ; let 
each globule be connected with neighbours by massless springs ; 
and let all the globules which are near the inner surface of the 
shell be connected with it also by massless springs. Or let 
any number of smaller shells be inclosed within our outer 
shell, and connected by massless springs, as represented by 
the accompanying diagram, taken from a reprint of my Bal¬ 
timore Lectures now in progress. Let two such outer shells, 



given at rest with their systems of globules in equilibrium within 
them, be connected by massless springs, and be started in 
motion, as were the shells of § 6. There will not now be the 
great loss of energy from the vibration of the shells which there 
was in § 6. On the contrary, the ultimate average kinetic 
energy of the whole two hundred million million globules will be 
certainly small in comparison with the ultimate average kinetic 
energy of the single shell. It may be because each globule of 
§ 6 is free to wander that the energy is lost from the shell in 
that case, and distributed among them. There is nothing vague 
in their motion allowing them to take more and more energy, 
now when they are connected by the massless springs. If we 
suppose the motions infinitesimal, or if, whatever their ranges 
may be, all forces are in simple proportion to displacements, the 
elementary dynamical theorem of fundamental modes shows how 
to find determinately each of the 600 million million and six 
simple harmonic vibrations, of which the motion resulting from 
the prescribed initial circumstances is constituted. It tells us 
that the sum of the potential and kinetic energies of each mode 
remains always of constant value, and that the time-average of 
the changing kinetic energy during its period is half of this 
constant value. Without fully solving the problem for the 600 
million million and six co-ordinates, it is easy to see that the 
gravest fundamental mode of the motion actually produced in 
the prescribed circumstances differs but little in period and 
energy from the single simple harmonic vibration which the two 
shells would take if the globules were rigidly connected to them, 
or were removed from within them, and the other initial 
circumstances were those of § 6. But this conclusion de¬ 
pends on the forces being rigorously in simple proportion to 
displacements. 

(10 ) a In no real case could they be so, and if there is any 
deviation from the simple proportionality of force to displace- 

1 Sections 10 to 17 added July 10, 1891. 
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ment, the independent superposition of motions does not hold 
gcod. We have still a theorem of fundamental modes, although, 
so far as I know, this theory has not yet been investigated. For 
any stable system moving with a given sum, E, of potential and 
kinetic energies, there must in general be at least as many 
fundamental modes of rigorously periodic motion as there are 
freedoms (or independent variables). But the configuration of 
each fundamental mode is now not generally similar for different 
values of E ; and superposition of different fundamental modes, 
whether with the same or with different values of E, has now 
no meaning . It seems to me probable that every fundamental 
mode is essentially unstable. It is so if Maxwell’s fundamental 
assumption 1 ** that the system, if left to itself in its actual state 
of motion, will, sooner or later, pass through every phase which 
is consistent with the equation of energy ” is true. It seems to 
me quite probable that this assumption is true, provided the 
“actual state of motion” is not exactly, as to position and 
velocity, a configuration of some one of the fundamental modes 
of rigorously periodic motion, and provided also that the 
“ system ” has not any exceptional character, such as those in¬ 
dicated by Maxwell for cases in which he warns 2 us that his 
assumption does not hold good. 

(11) But, conceding Maxwell’s fundamental assumption, I do 
not see in the mathematical workings of his paper 3 any proof 
of his conclusion “ that the average kinetic energy correspond¬ 
ing to any one of the variables is the same for every one of the 
variables of the system.” Indeed, as a general proposition its 
meaning is not explained, and seems to me inexplicable. The 
reduction of the kinetic energy to a sum of squares 4 leaves the 
several parts of the whole with no correspondence to any de¬ 
fined or definable set of independent variables. What, for 
example, can the meaning of the conclusion 5 be for the case of 
a jointed pendulum? (a system of two rigid bodies, one sup¬ 
ported on a fixed horizontal axis and the other on a parallel axis 
fixed relatively to the first body, and both acted on only by 
gravity). The conclusion is quite intelligible, however (but is 
it true?), when the kinetic energy is expressible as. a sum of 
squares of rates of change of single co-ordinates each multiplied 
by a function of all, or of some, of the co-ordinates. 6 Con¬ 
sider, for example, the still easier case of these coefficients 
constant. 

(12) Consider more particularly the easiest case of all, motion 
of a single particle in a plane ; that is, the case of just two in¬ 
dependent variables, say x f y ; and kinetic energy equal to 
4 (ir 2 + y 2 ). The equations of motion are 

d-x _ dV dfy _ _ dV 

dt 3 dx 9 dt 2 ay * 

where V is the potential energy, which may be any function of 
x, y, subject only to the condition (required for stability) that it 
is essentially positive (its least value being, for brevity, taken as 
zero). It is easily proved that, with any given value, E, for the 
sum of kinetic and potential energies, there are two determinate 
modes of periodic motion ,* that is to say, there are two finite 
closed curves such that, if m be projected from any point of 
either with velocity equal to ^/[2(E-V)] in the direction, either- 
wards, of the tangent to the curve, its path will be exactly that 
curve. In a very special class of cases there are only two such 
periodic motions, but it is obvious that there are more than two 
in other cases. 

(13) Take, for example, 

V = J(a 2 x 2 + fi 2 y~ + cs&y*}. 

For all values of E we have 


x = a cos (at - e) \ 

y - ° J 


and y 

X 


= 0 , 1 
= b cos ($t -f)j 


as two fundamental modes. When E is infinitely small we have 
only these two ; but for any finite value of E we have clearly 
an infinite number of fundamental modes, and every mode differs 
infinitely little from being a fundamental mode. To see this, 
let m be projected from any point N in OX, in a direction per¬ 
pendicular to OX, with a velocity equal to \l(2& - a‘ 2 ON 2 ). 


1 “Scientific Papers," vol. ii. p. 714. 2 Ibid., pp. 714, 715. 

3 Ibid., pp. 716-726. * Ibid., p. 722. 

5 Or of Maxwell’s bp in p. 723. 

6 [It may be untrue for one set of co-ordinates, though true for others. 
Consider, for example, uniform motion in a circle. For all systems of recti¬ 
lineal rectangular co-ordinates (x } y), time-av. x 2 = time-av. y 2 ; but for 
polar co-ordinates (r, 0) we have not time-av. / 2 equal to time-av. r 2 0 2 .— 

| W. T., July 21, 1891.] 
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After a sufficiently great number of crossings and re-crossings 
across the line X'OX, the particle will cross this line very nearly 
at right angles, at some point, N'. Vary the position of N very 
slightly in one direction or other, and re-project m from it per¬ 
pendicularly and with proper velocity; till (by proper “ trial 
and error ” method) a path is found, which, after still the same 
number of crossings and re-crossings, crosses exactly at right 
angles at a point N", very near the point N\ Let m continue 
its journey along this path, and, after just as many more cross¬ 
ings and re-crossings, it will return exactly to N, and cross OX 
there, exactly at right angles. Thus the path from N to N 7 is 
exactly half an orbit, and from N" to N the remaining half. 

(14) When <:E/(a 2 j8 2 ) is a small numeric, the part of the kinetic 
energy expressed by jcjt:-y 2 is very small in comparison with 
the total energy, E. Hence the path is at every time very 
nearly the resultant of the two primary fundamental modes 
formulated in § 13 ; and an interesting problem is presented, to 
find (by the method of the ** variation of parameters ”) a , e t b i f i 
slowly varying functions of t , such that 

x = a sin ( at-e ), y — b sin (fit —f), 

x = aa cos ( at~e) t y ~ bfl cos (fit -/), 

shall be the rigorous solution, or a practical approximation to 
it. Careful consideration of possibilities in respect to this case 
[cK/(a-fl 2 ) very small] seems thoroughly to confirm Maxwell’s 
fundamental assumption quoted in § 11 ; and that it is correct 
whether c E/(a 2 jS 2 ) be small or large seems exceedingly probable, 
or quite certain. 

(15) But it seems also probable that Maxwell’s conclusion , 
which for the case of a material point moving in a plane is 


Time-av. x 2 = Time-av. y 2 , .(1) 

is not true when a 2 differs from .8 2 . It is certainly not proved. 
No dynamical principle except the equation of energy, 

4(.r- + f) = e - v,.(2) 


is brought into the mathematical work of pp. 722-25, which is 
given by|Maxwell as proof for it. Hence any arbitrarily drawn 
•curve might be assumed for the path without violating the 
dynamics which enters into Maxwell’s investigation ; and we 
may draw curves for the path such as to satisfy (1), and curves 
not satisfying (1), but all traversing the whole space within the 
bounding curve 

+ Py 2 + = E,.(3) 

and all satisfying Maxwell’s fundamental assumption (§ n). 

(16) The meaning of the question is illustrated by reducing it 
to a purely geometrical question regarding the path, thus:— 
Calling 0 the inclination to x of the tangent to the path at any 


point xy, and q the velocity in the path, we have 

x — q cos 9 , y — q sin 0 ,.(4) 

and therefore, by (2), 

q = VME - V)}. ..(5) 


Hence, if we call j the total length of curve travelled, 

J irdt — J q cos 2 9 qdt — j ' s/{2(E - V}} cos 2 8 ds ; . (6) 

and the question of § 15 becomes, Is or is not 

A l^ds^ (a(E - V| cos 2 8 
S J 0 

= A /y* V{2(E - V)} sin 2 e ? . . , (7) 

•where S denotes so great a length of path that it has passed a 
great number of times very near to every point within the 
boundary (3), very nearly in every direction. 

(17) Consider now separately the parts of the two members of 
(7) derived from portions of the path which cross an infinitesimal 
area d<r having its centre at (,.v, y). They are respectively 


( 9 ) 


10) 


the values Q — \dQ and $ + The most general possible 

expression for N is, according to Fourier, 

N = A 0 4 - A x cos 20 4 - A2 cos 40 4 - &c, 1 
+ B x sin 26 4 - B 2 sin 40 4- &c, J * 

Hence the two members of (8) become respectively 

V{2(E ~ V,y<rJpr(A 0 + JAJ 4 

and [- . . 

»/! 2 (E - V)|</fl-jTr;A 0 - |Aj) J 

Remarking that A 0 and A l are functions of x , y, and taking 
dct — dxdy i we find, from (10), for the two totals of (7) re¬ 
spectively 

4 * f fdxdy[ A 0 4 - JAaWlXE - V)] 

and , , 1 , • • - (11) 

4 " j J dxdy{ A 0 - iAjJ^/IXE - V)]J 

where j" j dxdy denotes integration over the whole space in- 
closed by (3). These quantities are equal if and only if 
J j dxdyA x vanishes ; it does so, clearly, if a — B ; but it 

seems improbable that, except when a == B, it can vanish gener¬ 
ally ; and unless it does so, our present test case would disprove 
the Boltzmann-Maxwell general doctrine. 


THE INTERNATIONAL GEOGRAPHICAL 
CONGRESS A T BERNE. 


'T'HIS Congress began its proceedings on Monday. Fourteen 
^ countries and forty-six Geographical Societies are officially 
represented. France has sent 73 delegates, Germany -33, Aus¬ 
tria-Hungary 2r, Switzerland 87, Italy 21, Russia 13, Great 
Britain 8, and Spain, America, and the Netherlands two each. 
Egypt, Portugal, Roumania, Greece, Norway, and Sweden are 
also represented. There are, in addition, 150 Members and 
Associates who have not yet given in their names. 

M. Numa Droz, Swiss Minister for Foreign Affairs, bade the 
delegates heartily welcome to Berne. 

Dr. Gobat, Regierungsrath, Berne, President of the Congress, 
then delivered his inaugural address. In the name of the 
Geographical Societies of Switzerland he thanked the savants 
present for responding so cordially to their invitation. 

Among the good work already done, Prof. Penck, of Vienna, 
has proposed the following resolution :—“ This Congress on the 
geographical sciences, held at Berne, resolves to take the initia¬ 
tive in the preparation of a large map of the earth on a scale 
of one to a million, of which the various sections shall be de¬ 
limited by latitudes and longitudes ; and, with this object, it 
appoints an international committee to determine the principles 
upon which the preparation of such map shall proceed. The 
members of this committee shall arrange that the various States 
engaged in preparing maps, the societies and periodicals pub¬ 
lishing original maps, and all private geographical establishments 
working in this field shall prepare detached sections of the said 
map, the sale of which shall also be regulated and arranged for 
by tlie committee.” 

In the course of his address on the subject Prof. Penck 
paid a high tribute to the services rendered by Mr. Stanley to 
the cause of geographical science, directing special attention to 
the fact that each of the explorer’s expeditions across Africa had 
led to the preparation of from 20 to 30 maps. 

The proposal was referred to a committee of the Congress, 
which will report upon it. 

The subjects of an initial meridian and universal time, geo¬ 
graphical education, orthography of geographical names, lakes 
and glaciers, cartography, bibliography, meteorology, com¬ 
mercial geography, and voyages and travels are all to be 
touched upon in the deliberations. 


sj { 2 (E - V)}d<r j NdO cos 2 0 

and J l . .( 8 ) 

isj {2(E - V)} dtr / N dd sin 2 0 j 

Jo 

where Nc /0 denotes the number of portions of the path, per unit 
distance in the direction inclined J 7 r 4- 0 to x t which pass either- 
wards across the area in directions inclined to x at angles between 
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SCIENTIFIC SERIALS. 

Journal of the Russian Chemical and Physical Society , vol. 
xxiii., No. t.—The chief papers are :—On the molecular weight 
of albumen, by A. Sabaneeff and N. Alexandroff. Several 
determinations were made on the method of Raoult, and gave 
an average of 14,276, the molecular weight thus appearing to be 
nearly three times as great as that deduced from the formula of 
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